ABSTRACT STONIER, TOM (Manhattan College, Bronx, N.Y.), ROBERT E. BEARDSLEY, LOWELL PARSONS, AND JAMES MCSHARRY. Agrobacterium tumefaciens Conn. III. Effect of thermal shock on bacteria in relation to tumor-inducing ability. J. Bacteriol. 91: 266-269. 1966.-Bacteria heated to 42 C for 30 min exhibit a decrease in tumorinitiating ability without a detectable loss in viability. The thermal shock inhibits subsequent bacterial growth for up to 1.5 hr. As bacterial growth recovers, so does tumor-initiating ability. Respiration of the culture is somewhat increased by the heat treatment. The data suggest that living, actively respiring bacteria do not induce tumors unless they are also growing. The results also point to the necessity for excluding bacterial growth inhibition when interpreting data on the effect of various agents on tumor initiation.
The manner in which the crown gall organism, Agrobacterium tumefaciens Conn, converts normal plant cells into tumor cells has remained a mystery since the demonstration by Braun and White that the tumor cells retain their morphogenetic autonomy even when the bacteria are no longer present (6, 14) . The nature of the hypothetical tumor-inducing principle released by the bacteria has remained a matter for speculation (for reviews, see 3, 5, 8) .
The concept that the tumor-inducing principle is heat-labile was suggested by Braun and Mandle (4), who stated that "inactivation of the tumorinducing principle itself occurs at 32 C." In a subsequent publication, Braun (1) reported that between 27.5 and 28. 8 (11) demonstrated that bacteria exposed to heat treatment lose, in part, their ability to produce tumors, without a loss in viability. This finding is of considerable interest, especially in view of the fact that the "results suggest that a first-order, unimolecular event is responsible for the loss of TIA [tumor-initiating ability]." These authors calculated a heat of inactivation of 56.7 kcal/ mole and suggested further that a "particular protein or nucleoprotein active in the process of infection may be inactivated by the treatment. " The results presented here confirm the observation of the Lippincotts that bacteria exposed to temperatures in the range 39 to 45 C, for periods of less than 1 hr, exhibit a decrease in tumorinitiating ability without a detectable loss in viability. Our results extend this finding to indicate that the effect of 42 C on the tumor-initiating ability of the bacteria is transient and nonspecific in respect to the tumor-initating process, insofar as the thermal shock temporarily inhibits bacterial growth.
MATERIALS AND METHODS
All experiments were conducted with strain B6 of A. tumefaciens growing, and treated, in media described by Lippincott and Heberlein (10) . Viability counts were obtained in the standard manner by dilution and plating on agar plates (7). Samples and dilution tubes were agitated with a Vortex mixer to reduce on October 16, 2017 by guest http://jb.asm.org/
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A. TUMEFACIENS THERMAL SHOCK clumping. The tumor-initiating ability of the bacteria was assayed against pinto bean leaves according to the technique described by Lippincott and Heberlein (10) . Respiration was measured by following oxygen uptake in a Warburg vessel (12) , and by following the reduction of methylene blue in an atmosphere of nitrogen (13) . In both instances, the bacterial cultures were supplemented with 0.02 M sucrose in addition to the 0.5% sucrose initially present in the growth medium. All phases of the experiments except the thermal treatments were conducted at 27 C.
Temperature ;k -TIME, MINUTES   FIG. 3 . Effect of thermal shock on oxygen uptake at 27 C by the bacteria. Symbols: 0, 27 C control cultures; A, cultures exposed to 42 C for 30 min. Note that the oxygen uptake of 42 C-treated cultures is somewhat faster during the first 2 hr after treatment.
1 shows the turbidity changes that folowed heat treatments in one experiment.
Assays for tumor-inducing ability were performed in two experiments and, although there were a few leaves which behaved erratically in the assays, the results were completely consistent. As is shown in Fig. 2 , the number of tumors formed when bacteria were inoculated onto leaves immediately after exposure to 42 C for 30 min was about 40% of the number formed prior to heat shock. This decrease is in agreement with that reported by the Lippincotts. However, the number of tumors formed returned to the initial value when leaves were infected 1.5 hr after heat shock. At this time, bacterial growth had resumed its normal growth rate. The recovery of the original tumor-inducing ability, at about the same VOL. 91, 1966 267 time that the bacteria entered log-phase growth, was observed in both experiments. In view of the fact that the reduced efficiency in tumor initiation was correlated with a temporary cessation of growth, it was of interest to learn whether the heat-shocked bacteria respired at a slower rate than did controls. Figure 3 shows that respiration was somewhat increased by the thermal treatment, a fact also confirmed by observing the rate of reduction of methylene blue under anaerobic conditions.
DIscussIoN
The temporary inhibition of growth, as evidenced by a lag period of up to 1.5 hr after a 30-min incubation period at 42 C, would probably not show up as a reduction in tumor-initiating ability in most tumor assay systems available. The reduction in tumor-initiating ability apparently can be demonstrated in the pinto bean leaf assay system because the first few hours after infection constitute one of the critical periods in tumor initiation (10) . It would appear either that some cells of young expanding pinto bean leaves are already in a "conditioned" state prior to, or immediately after, wounding, or that, unlike other systems, the bean leaf cells need not be "conditioned" to be altered by the bacteria into tumor cells. In other systems, wounding results in the presence of conditioned cells only after a lag of many hours (2, 9) .
Although the assay system utilized by the Lippincotts may be atypical in relation to conditioning, it is the most useful system devised up to now for quantitatively assaying tumor initiation. It is, however, somewhat erratic because some leaves seem to form no tumors at all, whereas other individual leaves, on occasion, produce a superabundance of tumors. The t + 90 point of the control in Fig. 2 would have been almost 50% above its indicated value if we had included 3 leaves (of 18) that had formed tumors in excess of three times the mean value indicated. The results should therefore be viewed with a certain amount of caution.
Given this qualification, however, and considering the fact that our results confirm the finding of Lippincott and Lippincott that the thermal treatment inhibits tumor-initiating ability without reducing viability, the data presented above imply that living, actively respiring bacteria do not induce tumors unless they are also growing. This illustrates the necessity for excluding inhibition of bacterial growth when interpreting data on the effect of agents on tumor initiation.
The results obtained in this study are consistent with the hypothesis that metabolic activity associated with growth is essential for tumor initiation, but provide no information about the specific properties of the hypothetical tumor-inducing principle. Together with the findings reported by Lipetz (9) , our data indicate that evidence presented so far suggesting tumor-initiating ability to be associated with a heat-labile agent of complex structure is subject to alternative explanations.
